It has been established that the iron-oxidizing bacterium Thiobacillus ferrooxidans plays a crucial role in microbiological leaching of metal sulfide (1, 3) . Under acidic conditions, the bacterium rapidly oxidizes ferrous ions to produce a large amount of ferric ions in its environment. Ferrous ions are, of course, important for iron-oxidizing bacteria as a main energy source. However, little attention has been paid to the importance of ferric ions in the metabolism of T. ferrooxidans.
Recently, Sugio et al. demonstrated the existence and importance of a hydrogen sulfide:ferric ion oxidoreductase (SFORase) (7, 9, 11 ) and a sulfite:ferric ion oxidoreductase (10) in sulfur oxidation of T. ferrooxidans AP19-3. These two enzymes use Fe3 + as an electron acceptor in the oxidation of elemental sulfur and sulfite ions, respectively. Evidence that these enzymes are involved in aerobic sulfur oxidation by this strain has accumulated (10, 12, 16 T. ferrooxidans, L. ferrooxidans, and strain Funis were grown on ferrous sulfate (3%)-salts medium at pH 2.5. Strains BC1, TH3, and Alv, moderately thermophilic ironoxidizing bacteria, were grown in batch culture at pH 1.8 in the above-described ferrous sulfate-salts medium supplemented with 0.03% yeast extract at 45°C. The composition of the basal salts solution used throughout this study was as follows: (NH4)2SO4, 3 .0 g; KCl, 0.1 g; K2HPO4, 0.5 g; MgSO4. 7H2O, 0.5 g; Ca(NO3)2, 0.01 g; deionized water, 1,000 ml; and concentrated H2SO4, 0.25 ml (pH 2.5).
SFORase activity was determined with washed intact cells by measuring the amount of Fe2+ or sulfite ion produced in the reaction mixture (7) . The composition of the reaction mixture used for aerobic Fe3+ reduction by elemental sulfur or pyrite was as follows: 9 ml of 0.1 M P-alanine-SO42-buffer (pH 3.0), 200 mg of elemental sulfur or pyrite, 100 ,umol of Fe3+, washed intact cells, 5 mg of protein, and 50 ,umol of sodium cyanide. The total volume was 10.0 ml. A sample of the reaction mixture was withdrawn and centrifuged at 12,000 x g for 2 min to discard elemental sulfur and cells, and the concentration of ferrous ion in the supernatant solution was measured colorimetrically by the o-phenanthroline method (5) . The composition of the reaction mixture used for aerobic sulfite production from elemental sulfur was as follows: 4.5 ml of 0.5 M 1-alanine, washed intact cells, 2.5 mg of protein, and 200 mg of elemental sulfur. The pH of the reaction mixture was adjusted to 6.0 before the start of the reaction. The total volume was 5.0 ml. A sample of the reaction mixture was withdrawn and centrifuged at 12,000 x g for 2 min to discard elemental sulfur and cells, and the concentration of sulfite ion in the supernatant solution was measured colorimetrically by the pararosaniline method (17) . SFORase activity was also determined in cell extracts by measuring sulfite ion in a reaction mixture (11) . The reaction mixture contained 2.5 ml of 0.1 M sodium phosphate buffer (pH 6.5), cell extract, 0.2 mg of bovine serum albumin, 100 mg of elemental sulfur, and 20 ,umol of reduced type glutathione (adjusted to pH 6.5 with dilute NaOH). The activity of sulfur oxidation determined with washed intact cells was measured by oxygen uptake with a Gilson Oximeter. The composition of the reaction mixture was as follows: (7) . When elemental sulfur was used as an electron donor, all of the iron-oxidizing bacteria including strain AP19-3 reduced Fe3" with elemental sulfur to produce ferrous ion. SFORase activity comparable to that of strain AP19-3 (1.07 nmol/mg of protein per min) was observed not only in all of the methophilic iron-oxidizing bacteria, such as T. ferrooxidans, L. ferrooxidans, and strain Funis, but also in the moderately thermophilic iron-oxidizing bacterial strains BC1, TH3, and Alv (Table 1) . It is interesting that all of the strains of L. ferrooxidans tested had SFORase activity higher than that of strain AP19-3. Pyrite, the most representative sulfide ore, was also used as an electron donor in an SFORase reaction (Table 1) .
Sulfite ion is another reaction product formed when elemental sulfur is oxidized by SFORase (7, 9, 11, 13) . We showed that T. ferrooxidans AP19-3 produced sulfite ion under aerobic conditions in the absence of sodium cyanide at pH 6.0, a pH at which the iron oxidase of the cells scarcely operated (13) . Thus, we checked whether iron-oxidizing bacteria other than strain AP19-3 can produce sulfite ion during sulfur oxidation. All of the iron-oxidizing bacteria tested had sulfite ion-producing activity at pH 6.0 (Table 1) . To further check for the existence of SFORase, SFORase activity was assayed with cell extracts prepared from T. ferrooxidans, L. ferrooxidans, strain Funis, and moderately thermophilic iron-oxidizing bacteria grown on ferrous sulfate. SFORase activity comparable to that of strain AP19-3 (0.77 nmol/mg of protein per min) was found in all ironoxidizing bacteria tested except L. ferrooxidans DSM 2705, which showed ca. 20% of the activity of strain AP19-3 (Table  1) . In this way, the results obtained in this study indicate the existence of an SFORase similar to that found in T. ferrooxidans in all of the iron-oxidizing bacteria tested.
A new route for sulfur oxidation other than that previously reported has been proposed for T. ferrooxidans AP19-3, in which elemental sulfur is oxidized by a cooperation of three enzymes, namely, an SFORase, sulfite:ferric ion oxidoreductase, and iron oxidase (7, 9, 11) . The evidence that an SFORase is involved in aerobic sulfur oxidation in this strain has accumulated (10, 12, 16) . Thus, whether an SFORase is present in many kinds of iron-oxidizing bacteria has been one of the most interesting problems to be clarified in the study of the mechanism of sulfur oxidation by iron-oxidizing bacteria. The existence of SFORase was assayed in 16 strains of mesophilic and moderately thermophilic ironoxidizing bacteria. The results obtained show that all of the iron-oxidizing bacteria tested had SFORase activity, suggesting a wide distribution of SFORase in those bacteria and the possibility that the sulfur oxidation mechanism proposed for T. ferrooxidans AP19-3 is also operating in many other 0.08. iron-oxidizing bacteria. Recently, Lizama and Suzuki showed that T. ferrooxidans SM-4 cells isolated from a sulfide ore mine site reduced Fe3" with pyrite (2), supporting the existence of SFORase in T. ferrooxidans strains other than strain No strains of L. ferrooxidans have been reported to grow on sulfur-salts medium and to oxidize elemental sulfur, although they grow on and efficiently degrade pyrite (4). However, the finding that an SFORase was present in L. ferrooxidans suggests the possibility that the bacterium grows on sulfur-salts medium. Thus, we tried but were unable to grow four strains of L. ferrooxidans on sulfur-salts medium (data not shown). These confusing results prompted us to reexamine whether L. ferrooxidans can oxidize sulfur enzymatically, and a different result from that previously reported (4) was obtained. The L. ferrooxidans cells showed sulfur-oxidizing activity (Fig. 1) , suggesting that an SFORase was involved in this sulfur oxidation. The pH optimum for sulfur oxidation by all of the iron-oxidizing bacteria was 4.0, and a similar pH profile was obtained. It is difficult to understand why L. ferrooxidans strains failed to grow on sulfur-salts medium even though they had the enzymes required for sulfur oxidation. A specific mechanism, which is as yet unknown, that inhibits the growth of the cells on sulfur-salts medium seems to be present in L. ferrooxidans. To give a clear answer to this question, it seems important to examine SFORase purified not only from T. ferrooxidans but also from L. ferrooxidans. Purification and characterization of the SFORases from both of those iron-oxidizing bacteria are now under investigation.
